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locations inside the harbor and at four sites along the coast of New Jersey, each with in-situ ocean and air-sea interaction measurements. In the second year of the project, the NYHOPS-supportive observation network has been expanded to include NOAA/NOS, USGS, NDBC, C-MAN, and UCONN stations (Figure 1 ).
In order to enhance the forecast product, the NYHOPS structure was redesigned to make better use of high-resolution inputs, including bathymetry, river forecasts, storm surge forecasts, and meteorological forecasts. To ensure accuracy of the modeling, the new high-resolution NYHOPS was validated against physical observational data from the expanded network of ocean and weather sensors, initially for a calendar year 2004 validation period, and then during the CDOM observing periods.
In order to a) decrease NYHOPS forecast-preparation time and b) allow for an easier, modular, design and further expansion of the CDOM model, the model code used for CDOM was a NYHOPS-coupled RCA code (Raw-Column-Aesop; http://www.hydroqual.com/pdf/RCA_Desc_doc.pdf). This modern water quality code is based on the USEPA WASP model, and has a long history of successful coupling with ECOMSED for water quality studies. CDOM was introduced in the RCA model based on guidance from a University of Massachusetts (UMASS), Boston team that collected CDOM observations in the Harbor. CDOM was simulated initially as a tracer by incorporating the fieldestimated CDOM source strengths into NYHOPS. In the second year, along with the updates to the high-resolution model, photodegradation of CDOM due to ultraviolet radiation at the water surface was included in the model code as a 0.168/day first order decay rate applied at the surface layer during daylight hours.
WORK COMPLETED
The work completed includes: 1) Ensuring the continuous flow of NYHOPS-supporting real-time or near-real-time (collected 0-5hrs in the past) data from multiple agencies: a) 13 SIT-maintained sites, including 2 HR-radar systems located within the NY harbor, b) 2 Rutgers-maintained HF-Radar systems, c) 2 C-MAN stations, d) 1 NOS ADCP, e) 5 NDBC stations, f) 33 NOS stations, g) 4 UCONN-maintained stations, h) 40 USGS stations, i) 6 NY Met stations providing overland observations of local meteorological conditions, j)Vessel-based conductivity and temperature sensors.
2) Comparisons of these observations with the NYHOPS forecast results at many of these sites, updated and displayed hourly -along with statistical measures of model performance -on the NYHOPS website.
3) Incorporation of river inflows into the high-resolution forecast system data stream using real time data and Advanced Hydrologic Prediction Service forecasts. 4) Development of an off-line capability to simulate passive constituents using RCA and transport fields from the NYHOPS high-resolution forecast output stream. 5) Configured system to accept source strength inputs of CDOM and conducted simulations to ensure that the system is working properly with CDOM as a conservative tracer. 6) Furthermore, CDOM component strengths are also independently simulated in parallel to facilitate component analysis. 7) Incorporated preliminary estimates of CDOM source strengths to six end members based on the UMASS-Boston team's recommendations. 8) Configured system to accept photodegradation kinetics for CDOM based on incubation experiments. 9) Incorporated the CDOM model into the NYHOPS forecast website for use by the data-collecting UMASS-Boston team 10) Adjusted the preliminary source strengths as suggested by field observations.
RESULTS
An RCA-based NYHOPS CDOM module was developed to execute in conjunction with daily NYHOPS hydro/waves forecast runs so that transport output from ECOMSED/POM is directly linked to the module. The two models share the same numerical grid structure and underlying numerical solution techniques. To ensure that the two models communicate correctly a "10s" test was conducted. The NYHOPS submodel was initialized with 10 (tracer units) everywhere; all inflows were assigned that same concentration. The model was run for a 30 period using January 2004 river inflows. Model concentrations never deviated from the expected 10 units.
The original NYHOPS forecast system included 25 simplified river systems based on 27 real time USGS gages. Based on newly available USGS real time stations, and work completed recently (Georgas, 2006) , the high-resolution NYHOPS system includes 93 river systems, with river outlets spanning seven coastal states (NY, NJ, CT, RI, DE, PA, MA), based on 74 real time USGS gages. Figure 2 shows the contributing simulated river watersheds. For example, the direct tributary outlets to the Hudson River system north of the Battery, NY, including the river itself north of Troy, NY, have now been increased to 20 from the original 14. Similarly, the direct tributary outlets to Raritan Bay, NJ, have increased to 11 from the original 4. Rivers and outlets in the states of RI, DE, PA, and MA are all new additions as well. The detailed representation of river systems increased the ability of identifying and tracking CDOM sources in the area of interest.
Similar to the higher resolution characterization of individual watershed non-point sources described above, the original network of water treatment plants and other water discharging industrial facilities was expanded to include 280 dischargers, 39 of which are thermal dischargers, the remaining being freshwater-discharging treatment plants, characterized as major dischargers by USEPA (Figure 3 ). Mean discharge from all plants is estimated to equal approximately 1,000 m3/s, which is of the same order to the estimated long-term-average flow of the Connecticut (~560m3/s) and Delaware (~400m3/s) rivers combined. 80% of that flow is due to re-circulating flow within thermal plants, the remaining 20% (~200m3/s) being freshwater flow added to the system mainly by public sewage treatment plants. The latter value is approximately equal to 1/3 of the mean freshwater flow reaching the southern tip of Manhattan due to the Hudson River and all its tributaries. Obviously, the detailed inclusion of these freshwater systems is of primary importance to any high-resolution forecasting system of the NY/NJ Harbor Estuary and its coastal ocean, both in terms of salinity and temperature prediction, but also in terms of currents and pollutant dispersion predictions due to the strong estuarine (density-driven) circulation. Moreover, these 280 independent sources may be CDOM sources as well, and their inclusion allows for simulation of their effect on CDOM distributions.
The key tributaries for this study are the Hackensack, Passaic, Hudson, and Raritan rivers (Figure 4) . CDOM end members were provided for these tributaries by R. F. Chen, G. B. Gardner and Y. Tian of UMASS, Boston who are working on a very closely linked ONR effort. Two point source end members were also investigated: The Bergen County water treatment plant discharging in the Hackensack River and the Port Richmond water treatment plant discharging in the Kill van Kull that, along with Arthur Kill to its south west, connects Raritan and Newark Bays (Figure 4 ).
An example of data-driven hypotheses that can be tested through the use of the model is the inclusion of the Bergen County facility as a CDOM source for the Hackensack River. This was hypothesized based on data collected by the Boston team during October 2006. Figures 5 through 7 explain the impact of that treatment plant to local CDOM concentrations along the Hackensack River. Of particular significance is the fact that the Hackensack river watershed itself contributes, on the average, a smaller freshwater input than the mean freshwater input coming from the treatment plant: The median flow of the Hackensack river is around 1.8m3/s, while the median flow of the treatment plant is around 3.6m3/s, roughly double. Compared to the significance of the Bergen County facility as a potential source of CDOM, the alleged significance of a second water treatment plant investigated by the NYHOPS CDOM model appears to be considerably smaller. The NYC-DEP Port Richmond Plant outfall in the Kill Van Kull (Figure 3 ) is predicted to have an almost negligible effect on the local distribution of CDOM, in spite of its higher concentration (200 QSU). This is hypothesized to be due to a smaller mean flow (1.5m3/s), and, more importantly, rigorous mixing and dispersion in the area of the outfall (Figure 12 ).
IMPACT/APPLICATIONS
The work presented here contributes significantly to the understanding of the mechanisms by which CDOM enters and disperses/accumulates in the nearshore marine environment. It provides a major step forward to the incorporation of CDOM into an advanced, integrated system of oceanographic and meteorological sensors and operational littoral-ocean forecasting models. The model results of CDOM distributions provide a means of estimating and predicting the ecological dynamics of the coastal zone.
The operational model has shown that it can evaluate observation-based hypotheses of source strengths, and can continue to do so, testing, for example, an alleged CDOM load from the Meadowlands salt marshes (Figure 6 ). It can also test the significance of photodegradation to CDOM distributions. Hindcasting of observation periods can help fine-tune such scientific findings. By assimilating satellite remote sensing ocean color data from programs like CZCS, TOCS, SeaWiFS, and IKONOS, important ecological events may be forecasted. A recent study shoes that chlorophyll concentrations, combined absorption of detrital and dissolved material (CDOM) at 443nm, and backscattering coefficient at 443 nm (a measure of the total suspended matter) can be retrieved from SeaWiFS data (Li et al., submitted).
The observational network and modeling system are parts of the integrated, sustained ocean observing system envisioned by the National Oceanographic Partnership Program (NOPP), under the OCEAN.US office, and the Integrated Ocean Observing System (IOOS). The PI has been an active participant in the Mid-Atlantic Coastal Ocean Observing Regional Association (MACOORA).
RELATED PROJECTS
This effort is a companion study to the ONR funded study of R. F. Chen, G. Bb Gardner and Y. Tian of the University of Massachusetts, Boston. Their study, "Predicting Chromophoric Dissolved Organic Matter Distributions in Coastal Waters" will provide the data upon which the analysis of this proposed is based. 
